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Interfacial Tension of the Water/Water Interface
The interfacial tension along the tie-line was measured using the droplet shape relaxation method [1, 2] where a Pu/PEO solution is allowed to equilibrate for 24 hours and then hand shaken to form Pu droplets inside a PEO continuous phase. The Pu/PEO composition tested was 6/7.6% wt. which separated into a 20% wt. Pu-rich phase and an 11% wt. PEO-rich phase (see figure 2 in the main text). A small volume of this emulsion was then placed between a microscope slide and cover slip and the slip gently pushed to shear the sample momentarily. The shape of the deformed droplet was then recorded using a microscope and camera and the relaxation of the droplet long axis L relative the spherical diameter after the droplet is fully relaxed L 0 was plotted (see figure S1).
The relaxation process is expected to follow the relationship [1, 2] : where t is the time and τ is a characteristic relaxation time which is related to the droplet capillary time (τ Ca ) as follows:
where K = η d /η m is the viscosity ratio between the droplet and continuous phases which were taken as the ratio of low shear viscosities measured by steady state viscometry shown in figure S2 . Note that the concentrations tested correspond to the equilibrium compositions of the separated phases along the tie-line (see figure 2 in the main text). The capillary time measured in this way is related to the interfacial tension Γ AB by
where r 0 is the spherical droplet radius.
Equations S1 to S3 were used to calculate the interfacial tension of four droplets from the same phase separated mixture and these values are shown in table S1. The average interfacial tension along the tie line of figure 2 in the main text is 98±13 µNm −1
where the uncertainty is the standard error of the mean. Table S1 : Parameters calculated from fitting equation S1 to data in figure S1 and applying equations S2 and S3. 
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